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Abstract 
The synthesis of Cu2O of nanowires on glass substrate was investigated for usage as a H2 sensor device. The amorphous copper 
oxide nanowires were synthesized on glass substrate via thin film anodization in 0,2M KOH + 0,1M NH4F solution. The 
nanowires were crystallized with annealing the samples at 280 ºC under vacuum conditions. The structural changes of nanowires 
were characterized by scanning electron microscope (SEM), X-ray diffraction (XRD) and X-ray photoelectron spectroscopy 
(XPS). The DC electrical measurements of Cu2O nanowires were carried out in the temperature range of 303-473 K under 200 
sccm dry air flow. The H2 sensing properties of as-synthesized sample after anodization and vacuum annealed sample were 
compared at 200 ºC under dry air flow. The Cu2O nanowires showed better sensor response than as-synthesized sample. 
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1. Introduction 
As a p-type semiconductor, Cu2O have attracted great attention with its narrow and direct energy bandgap of 2.1 
eV. It is also non-toxic, and Cu is earth abundance. These features have made Cu2O a desired candidate for 
biosensors, solar cells, and gas sensors applications [1]. Electrochemical synthesis methods of Cu2O nanostructure 
give chance to direct synthesis of Cu2O and control structural size. Although there have been many studies on Cu 
foil anodization for Cu2O nanostructures, synthesis on glass substrate and thin film anodization is very few. Also, 
Cu2O is prone to peeling off Cu substrate during anodization but the intermediate products, such as Cu(OH)2 or 
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CuCl, can stay tightly on the surface of anode after anodization [2]. Allam and Grimes offered RTC infrared furnace 
annealing under ambient air and vacuum annealing in order to convert intermediate products to CuO and Cu2O 
nanostructures [3]. Here, we synthesized Cu2O nanowires on glass substrate without adhesion problem. The 
structural changes during synthesis process were investigated with SEM, XRD and XPS. The sensor device 
properties of Cu2O nanowires were determined by measuring DC current changes depending on H2 gas 
concentrations. 
2. Experimental 
2.1. Synthesis of Cu2O nanowires 
Cu thin films of ~450nm thickness were evaporated on pre-cleaned glass substrates in a Leybold Univex 450 
vacuum system. The glass substrates were etched and cleaned with 1:5 H2SO4 aqueous solution, acetone and 
deionized water in an ultrasonic bath for 5 minutes each in this sequence to increase adsorption between Cu and 
glass substrates. Cu film was anodized in 0,2M KOH + 0,1M NH4F aqueous solution in a thermo-stated bath using a 
dc power supply, a platinum foil as a cathode and Cu thin film on glass substrate as an anode. Constant voltages of 
4, 6, 8 and 10 V were applied in a two electrolyte system at room temperature 23 ºC. After anodization, samples 
were rinsed in deionized water, dried with N2 gas and annealed at 280 ºC in vacuum for 15 minutes. The vacuum 
was set up with 1L test chamber using mechanical pump (Leybold L408). 
Crystal structures of samples were characterized by X-ray Diffraction (XRD, Philips 1820 X-Ray Diffractometer) 
and X-ray photoelectron spectroscopy (XPS, Thermo 10 Scientific K-Alpha x-ray photoelectron spectrometer with 
monochromatic Al Kα radiation (1486.3 eV) as x-ray source. Morphologies and sizes of samples were analyzed by 
scanning electron microscopy (SEM, Philips XL 30S). 
2.2. Sensor measurements 
The sensor device structure is shown at Fig. 1. The measurements of the sensor devices were carried out in a 
home-made chamber, which allows gas flows, and has a controlled temperature with a Lakeshore 340 temperature 
controller in order to measure temperature dependent sensor parameters. The DC current measurements were done 
under 200 sccm high purity dry air flow in the temperature range between 303 – 473 K. Then, the samples were 
heated up to 473 K under 200 sccm high purity dry air flow and waited for 30 minutes to get steady state. The gas 
concentrations were controlled by using multi gas controller (647C MKS Instruments) and gas flow meters. The dc 
current was monitored continuously under dry air flow to establish the baseline of the device and 1000 ppm of H2 
gas was exposed into the test chamber at 200 ºC and then the chamber was cleaned with dry air.  
Fig. 1. Device structure 
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3. Results and Discussions 
3.1. Characterization results 
We characterized the morphology of nanostructures anodized in 0,2M KOH + 0,1M NH4F solution at 23 ºC with 
SEM at anodization voltages of 6V (fig. 2.a) and 10V (fig. 2.b). The increasing of anodization voltage resulted in the 
formation of thinner and denser nanowires.  
Fig. 2. SEM images of anodized samples at (a) 6V 300 seconds; (b) 10V 300 seconds. 
The XRD pattern of as-synthesized sample showed only peaks at 2θ values of 43,6 and 50,8 degrees 
corresponding to (111) and (200) planes of Cu which revealed that the nanowires were amorphous. In order to get 
dehydration of hydroxides and crystal formation, the samples were thermally annealed in vacuum. However, only 
(111) plane of Cu2O was observed after annealing. Figure 3 reveals the intensity change in XRD results of as-
synthesized and annealed sample.   
Fig. 3. XRD results of (a) as-synthesized sample (b) vacuum annealed sample 
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The XPS measurements of samples (fig. 4) were done with depth profile to get more information about the 
crystal structure of nanowires. Figure 3 a and b shows the Cu(I) 2p3/2  and the O 1s (b) energy spectrums of annealed 
samples respectively. The Cu2O surfaces exhibit Cu 2p3/2 peak at a binding energy of 932.7 eV and O 1s peak at a 
binding energy of 530.2 eV which are matched with annealed samples [4].        
Fig. 4. XPS energy spectrums of annealed samples (a) Cu(I) 2p3/2  and (b) O 1s states. 
3.2. I-V curves and H2 sensing results 
The I-V curves at different temperatures of Cu2O nanowires were plotted in figure 5 to illustrate an increase in 
conductivity with increasing temperature. The Ohmic contact behavior was observed from the curves which is 
convenient with literature [4, 5]. 
Fig. 5. I-V curves at different temperatures 
 
 H2 sensing performance of Cu2O nanowires were determined exposing 1000 ppm of H2 to the devices prepared 
with as-synthesized and vacuum annealed samples at 200 ºC, and after ~10 min waiting the chamber was purged 
with 200 sccm high purity dry air flow for ~30 min. Figure 6 shows the sensor response of samples to 1000 ppm H2 
gas flow at 200 ºC. The sensor response (R) of the Cu2O nanowires was calculated as the ratio of the change in the 
current.  
 
 
 
 
The sensor responses (x100) of amorphous nanowires and Cu2O nanowires were ~7.6 and ~33.5. The results 
showed that the sensor response and response time of annealed sample was much better than as-synthesized ones. 
Also, the full recovery was not possible for as-synthesized sample.    
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Fig. 6. Sensor results of (a) vacuum annealed and (b) as-synthesized samples at 200 ºC to 1000 ppm H2 gas. 
4. Conclusions 
Amorphous CuO nanowires and Cu2O nanowires were synthesized with anodization of Cu thin film and vacuum 
annealing. The structures of the samples were investigated with SEM, XRD and XPS measurements. The results of 
amorphous and Cu2O nanowires were compared. The electrical conduction at different temperatures and H2 sensing 
properties were investigated. According to sensing results, annealed samples showed better response (33.3%) and 
recovery time (~10 min). UV visible absorption, the electrical conduction mechanism, sensing in different 
temperatures and ppm values will be investigated in future work.    
Acknowledgements 
This work has been funded by the Scientific and Technological Research Council of Turkey (TUBITAK) project 
number 113F403. 
References 
[1] G. Filipic, U. Cvelbar, Copper oxide nanowires: A review of growth, Nanotechnology 23 (2012) 194001(16pp). 
[2] Z. Zhang, C. Zhong, L. Liu, X. Teng, Y. Wu, W. Hu, Electrochemically prepared cuprous oxide film for photo-catalytic oxygen evolution 
from water oxidation under visible light, Solar Energy Materials & Solar Cells 132 (2015) 275–281. 
[3] N.K. Allam, C.A. Grimes, Electrochemical fabrication of complex copper oxide nanoarchitectures via copper anodization in aqueous and 
non-aqueous electrolytes, Materials Letters 65 (2011) 1949–1955. 
[4] B. Singh, B.R. Mehta, Relationship between nature of metal-oxide contacts and resistive switching properties of copper oxide thin film based 
devices, Thin Solid Films 569 (2014) 35–43 
[5] Y. Tan, X. Xue, Q. Peng, H. Zhao, T. Wang and Y. Li, Controllable fabrication and electrical performance of single crystalline Cu2O 
nanowires with high aspect ratios, Nano Letters 7 (2007) 12 3723-3728. 
 
a b 
